Summary We have examined the relation of lactation, by total duration, with breast cancer risk among preand post-menopausal women. In a hospital-based case-control study conducted in Athens 
The attitude of the scientific community towards lactation in relation to breast cancer has changed over time. Almost 70 years ago, Lane-Claypon proposed that 'the breast which has never been called upon for normal function is certainly more liable to become cancerous' (Lane-Claypon, 1926) , and a history of breastfeeding came to be regarded as a protective factor for breast cancer. This hypothesis is compatible with the pattern of international variation in breast cancer incidence, which is markedly lower among populations in which breastfeeding is most common and most prolonged. In 1970, however, MacMahon et al. reported that an association between lactation and breast cancer was unlikely, after adjusting for the effect of number of pregnancies and age at first birth. These results from the large international casecontrol study seemed at the time to close the issue, and many subsequent studies disregarded the relation between lactation and breast cancer.
The issue is currently undergoing increasing scrutiny and recent investigations have once again suggested that lactation, particularly for extended periods, may be associated with a decreased risk for breast cancer, even after adjusting for potential confounders. It is difficult to summarise the magnitude of the association, if any, because of the variety of methodologies for reporting lactation history; some studies report the effect of the mean duration of lactation for each child, others report the effect of cumulative duration following all births and still others use different exposure measures.
Through a large case-control study undertaken in Greece (Katsouyanni et al., 1994a,b; Trichopoulou et al., 1995) we have evaluated the risk of breast cancer in relation to history of lactation. Breastfeeding, if in fact it is shown to be protective against the development of breast cancer, is a potentially modifiable behaviour and thus may represent one of the few opportunities for intervention at present.
Materials and methods
During a 3 year period from January 1989 to December 1991 all newly diagnosed women with breast cancer that were residents of the greater Athens area (Athens, Piraeus and surroundings; population about 3.5 million) were identified in four major hospitals, representing about 50% of breast cancer cases occurring in this area. A total of 873 histologically confirmed cases were identified, and 820 of these patients (94%) were successfully interviewed and eventually included in the study. Each case was interviewed by specially trained interviewers in the hospital before the first discharge.
Two controls were selected for each case, one from among hospital visitors in the same hospital (excluding first-degree relatives and women who had had breast cancer), the other among orthopaedic patients from the major accident hospital of Athens (for the Athens catchment area) or Piraeus (for the Piraeus catchment area). To be eligible each control had to be +5 years of age with respect to the index case, and all controls were residents of the same area as the index case. In total 830 eligible hospital controls and 808 eligible visitor controls were identified; 795 (96%) and 753 (93%), respectively, were eventually included in the study. Every case-control triplet was interviewed by the same interviewer using the same questionnaire in the hospital setting. Additional details concerning subject selection have been presented previously (Katsouyanni et al., 1994a) .
The questionnaire included demographic, socioeconomic, biomedical and nutritional information as well as a detailed reproductive history. Subjects who reported having one or more full-term pregnancies resulting in a live birth were asked, for each birth separately, whether they breastfed (even for a few days), the duration of breastfeeding (in days), the reason they stopped breastfeeding ( 
Discussion
The present study is fairly large and has revealed most of the established reproductive, demographic and nutritional associations and non-associations in relation to breast cancer incidence (Katsouyanni et al., 1994a,b; Trichopoulou et al., 1995; Lipworth et al., 1995a,b) . The apparent increase of breast cancer risk with parity (Table I) was confounded by other reproductive variables as was previously shown through multivariate analysis (Katsouyanni et al., 1994a ). It appears, therefore, that major confounding and information biases were not operating after appropriate multivariate analysis was undertaken. Overall, the results of our study reveal no strong association between history of lactation and breast cancer risk. However, a small protective effect of breastfeeding among premenopausal parous women could be discerned. (Kalache et al., 1980; MacMahon et al., 1982; Brinton et al., 1983; Duffy et al., 1983; Brignone et al., 1987; London et al, 1990) , as well as the only prospective study to date (Kvale and Heuch, 1987) , has failed to establish an association between breastfeeding and breast cancer risk. London et al. (1990) , through retrospective assessment of lactation in the Nurses' Health Study, reported that in comparison to never breastfeeding, the relative risk was 0.95 for less than 7 months lactation, 0.87 for 7-11 months, 0.94 for 12-23 months and 0.98 for 24 months or longer. Their results did not vary according to age or menopausal status. The prospective study of lactation (Kvale and Heuch, 1987) also found no association among either pre-or post-menopausal Norwegian women. The latter study included a high percentage of women with long durations of breastfeeding compared with studies in other Western populations.
Among case-control studies that have found a protective effect the reported odds ratios for ever vs never breastfeeding among parous women range from 0.6 to slightly below 1.0 (Byers et al., 1985; McTiernan and Thomas, 1986; Tao et al. 1988; Layde et al., 1989; Siskind et al., 1989; Adami et al., 1990; Yoo et al., 1992; Thomas et al., 1993; Yang et al., 1993; Newcomb et al., 1994) . In most of these studies the apparently protective effect was stronger among, or limited to, premenopausal women (Byers et al., 1985; McTiernan and Thomas, 1986; Thomas et al., 1993; Yang et al., 1993; Newcomb et al., 1994) . The findings of the UK National Case-Control Study (1993) indicate a significantly decreasing risk for breast cancer among young women with increasing duration of breastfeeding and with number of babies breastfed. If indeed there is an inverse association between lactation and breast cancer that is confined to young women, the small number of premenopausal women in the prospective study of Kvale and Heuch (1987) may have minimised the statistical power to detect a weak association.
Adjusted odds ratios for premenopausal women who have breastfed for at least 12 months range from 0.21 to 0.78 compared with parous women who never breastfed (Byers et al., 1985; McTiernan and Thomas, 1986; Yoo et al., 1992; Newcomb et al., 1994) . One study reported that the relative risk decreased only after 12 months of breastfeeding, and that the average decrease in risk was 8% for each additional 12 months of lactation (Rosero-Bixby et al., 1987) . Yoo et al. (1992) also found a significant exposure-response relationship among premenopausal Japanese women. It appears that a history of ever vs never breastfeeding may be too crude an indicator and that it may be more important to demonstrate a dose-response trend in making causal inferences, although at this stage it is difficult to speculate that long-term duration has substantial incremental benefit in all populations.
It is possible that the failure to detect an association may be due in some studies to the low prevalence of prolonged breastfeeding, illustrating the difficulty in Western studies of evaluating the longer durations of lactation experienced in many non-Western societies. In China, where more than half of the women breastfeed for at least 3 years, a 64% reduction in risk (odds ratio = 0.36) has been found among mainly premenopausal women who breastfed for at least 10 years compared with women who never breastfed (Tao et al., 1988) . Breastfeeding for 3-5 years was associated with little decrease in risk. Similarly, Yuan et al. (1988) reported adjusted odds ratios of 0.35 and 0.37 after 73-108 and 109 + months of breastfeeding among Chinese women.
The biological basis for an inverse association between lactation and breast cancer risk has not been adequately elaborated, although several mechanisms have been postulated. One hypothesis is that lactation causes hormonal changes, possibly reduced oestrogen production, which may decrease a women's exposure to oestrogen, thereby inhibiting the growth of breast cancer cells (Byers et al., 1985; Key and Pike, 1988) . This effect, if indeed it were real, would be more likely among premenopausal women. It is also possible that lactation, especially of long duration, is an indicator of a normally balanced endocrine system, which may itself be associated with a reduced breast cancer risk (Adami et al., 1990) . Alternatively, physical changes in the epithelial cells of the mammary ducts, including extended terminal differentiation induced by lactation, may directly affect risk (McTiernan and Thomas, 1986; Russo and Russo, 1994) . The lactational period of the mammary gland is characterised by the presence of lobule type 4, a lobular structure that represents maximal development and differentiation (Russo and Russo, 1994) . Finally, the effect of lactation may be attributed to its role in delaying the reestablishment of ovulation (Henderson et al., 1981) , although the relation between cumulative number of ovulatory cycles and breast cancer risk remains controversial.
The results of the present study are compatible with an effect of prolonged lactation in reducing breast cancer risk among premenopausal women. However, the evidence cannot be considered as conclusive and, even if it were real, the effect would be modest and limited to a minority of women with breast cancer in the Western world. It is not clear why, if at all, lactation reduces the risk of breast cancer, and there is no convincing biological explanation for why this effect should be limited to premenopausal women.
